(Received for publication April 22, 1939) Recent studies have directed attention to the great theoretical and practical significance of serum or plasma iron. It has been demonstrated, in the first place, that plasma iron is of metabolic importance in that it serves as the medium for iron transportation in the mammalian organism (2, 3, 4, 5) . This concept has made possible a more direct approach to the analysis of the factors controlling iron absorption since an index of the amount of iron being absorbed from the intestinal tract under standard conditions can be gained by measuring increases in plasma iron (2, 6, 7) . In the second place, the differences which occur in fasting plasma iron values in various of the anemic states have been shown to be of differential diagnostic value (2, 4, 5, 8, 9) , and of importance in permitting one to interpret the adequacy of iron reserves, rates of erythrocytogenesis, and rates of red blood cell destruction (2, 3) .
These several uses to which a study of plasma iron can be applied are dependent upon a thorough knowledge of the fluctuations which may occur in any given individual under normal circumstances. Present information as to the normal range for plasma iron values in the human has been obtained largely from single determinations on a relatively large group of individuals (4, 8, 9 ; for bibliography prior to 1937, see reference 1). Only a relatively few studies of the variations which occur in the same normal subject from hour to hour or from week to week have been made. Locke, Main, and Rosbash (10) noted that the extension of a fasting interval from 12 to 24 hours was attended, in normal individuals, by a 20 to 40 per cent increase in the serum iron level. Heilmeyer and Plotner (4) obtained variations of plus or minus 30 per cent in the serum iron values of normal persons when determinations were made at intervals of a few hours or of from 1 to 9 days. Thoenes and Aschaffenburg (11) reported the changes which occurred in serum iron in several healthy infants from the age of 20 days to 8½2 months, but these figures are of little value for comparison with those from adult human subjects. The same objection applies to those few additional studies which have been made on the daily and weekly variations in the serum iron values of laboratory animals. The present study was undertaken in an attempt to define more sharply the serum or plasma iron fluctuations which occur in hematologically equilibrated subjects and to determine the effect of antianemic therapy on the blood iron relationships of normal individuals.
Interpretation of the metabolic significance of " easily split-off " blood iron has been altered by Barkan and Schales' ( 12) recent observations which tend to show that this form of blood iron is probably dissociated by the action of dilute acids from a pseudo-hemoglobin, an intermediary compound formed during the breakdown of hemoglobin into bile pigment. The previous contention that "easily split-off" blood iron is directly related to the function of iron transportation has been withdrawn. The normal variations in "easily split-off" iron values, therefore, are of less importance to a study of this kind; they have been determined, however, and, for the sake of completeness, are included in the presentation.
Methods and spectrophotometric analysis of the intensity of the iron thiocyanate color Blood specimens were collected and analyses performed in the manner previously described (1). However, since the accuracy of the iron thiocyanate colorimetric method continues to be 543 challenged on the ground that the color extracted from acid solution by iso-amyl alcohol is not constant, not directly proportional to the concentration of iron present, and is sensitive to minor fluctuations in acidity (13) Readings made at cell depth 20 mm., wavelength 500 millimicrons.
acidity than this is necessary to insure the accuracy of the method. Solutions of iron were then prepared to correspond to serum iron variations from 0.05 to 1.0 mgm. per cent (0.002 to 0.04 mgm. of iron in 20 cc. of solution to be extracted by the 10 cc. of iso-amyl alcohol). The extinction coefficients of these specimens were measured at a wavelength of 500 millimicrons and plotted on a graph (Figure 3 ). Within the limits of error of the visual readings, the curve described by the intensity values of the color was a straight line, indicating that for the concentrations of iron used, the color of ferric thiocyanate extracted posed to direct sunlight or to strong artificial light, however, considerable fading occurred during a 60-minute period.
The authors wish to confirm the observation of Barkan, Heilmeyer, Baer, and others that if serum is diluted with one or two volumes of 0.1 N HCL and permitted to stand at room temperature for 15 to 30 minutes before trichloracetic acid is added, the iron is ionized or so changed that it passes quantitatively into the filtrate and is not brought down with the protein-trichloracetic acid precipitate. The use of this method of precipitation frees the serum of any hemoglobin and makes it unnecessary to use the more difficult benzidine method of measuring traces of hemoglobin.
Total The over-all minimum and maximum values for the whole series of determinations were 1.85 and 3.97 mgm. per cent for "easily split-off " blood iron determined with 0.1 N HCI, and 3.32 and 5.09 mgm. per cent for those made with 0.1 N H2SO,. These limits agree well with those thought to be sufficient to embarrass the iron reserves of these healthy young women, but in order to check more carefully on the amounts of iron being lost by hemorrhage, determinations of the menstrual blood flow were made. Used perineal pads were placed immediately into glass jars which contained 0.1 N HCl. Attempts were made to avoid loss at times of micturition and defecation. When each period was complete, the pads were extracted repeatedly with additional amounts of 0.1 N HCl. Seven to 10 liters of the dilute acid were usually used for one set of menstrual pads. An aliquot portion of the extract was taken for digestion and the determination of iron. A number of unused pads was extracted in a similar manner in order that correction might be made for the iron present in them. For failed to influence the level of the blood iron fractions in subjects with normal blood pictures. One of the patients on whom these negative results were obtained is of interest in that he had a histamine refractory achlorhydria ( Figure 9 ).
DISCUSSION
When one considers that serum or transport iron must at all times be in physiological equilibrium with the amount of the metal being absorbed from the gastro-intestinal tract, being utilized by the bone marrow for hemoglobin synthesis, being excreted, being added to, or withdrawn from the storage depots, and that being thrown into the blood stream as the hemoglobin from destroyed red cells is broken down to bile pigment, then the fluctuations of 10 to 65 micrograms per cent observed in the normal subjects studied in this investigation are not surprising. These changes within the normal zonal range were oscillating in nature and had none of the specific directional characteristics which are so typical of those changes which invariably have been found to result from disturbances of the erythrocytogenic equilibrium (2, 3) .
The failure of liver extract to influence serum iron levels of normal individuals was an expected finding, but the inability of orally administered iron to raise the fraction above normal levels is particularly interesting. The experiments of Fowler and Barer (16) and of Brock and Hunter (17) indicate that amounts of iron as great as 6 to 8.8 grams may be retained by the human subject during one month of ordinary therapeutic administration, amounts which are over twice the quantity of iron present in the circulating blood of an average adult male. If the equilibrium between serum and stored iron is purely physicochemical in nature, it would be reasonable to expect a decided increase in serum iron as the storage depots become more adequately supplied. Since such an increase did not occur during periods of 6 to 8 weeks of iron therapy, it is suggested that either: (1) a regulating mechanism, operative under normal conditions, controls the serum iron level, or (2) a portion of absorbed iron is deposited in tissues, possibly in skin, in a form which removes it temporarily at least from availability to the body economy.
As has already been stated, "easily split-off" iron is of less theoretical interest in any consideration of problems related to iron transportation because evidence has been presented which tends to show that it is derived from a compound formed as an intermediary stage in the breakdown of hemoglobin to bile pigment (12) .
